In our previous paper we showed that the British biochemist Frederick Gowland Hopkins promoted "dynamic biochemistry" as the fundamental science of life in a strikingly persistent way until the end of his career.1 We also presented Hopkins' construction of dynamic biochemistry as a long-term process, in which new lines of research gave new substance to his vision of dynamic biochemistry, which, in turn, motivated new lines of research, and so on. In this paper, we ask why neither the process of the construction of dynamic biochemistry nor Hopkins' persistence in promoting it are prominent features of existing accounts of Hopkins; we also consider the origins of the tensions between and within these accounts.
interpretations of the "Hopkins tradition" were used by those who strove to define the nature of Cambridge biochemistry after Hopkins' retirement in 1943, in particular how the electors to his Chair tried to impose order on his department by the appointment of a more conventionally managerial successor.
In the final section of the paper we show how historians of biochemistry have presented aspects of received views of Hopkins depending on the motivations underlying the writing of their histories. We comment on the uses that historians can make of the self-image projected by an individual and the images constructed by others of that individual, in conjunction. In the case of Hopkins, we conclude that existing accounts provide a mosaic of different views (including competing, even inconsistent views), each of which was constructed for a reason which it is the historian's job to make visible. While we do not claim to have arrived at "the truth, the whole truth, and nothing but the truth" about Hopkins, by separating out his own programme from the way in which that programme was understood by his contemporaries, we present a more coherent account of the "making of a biochemist" and, more generally, we hope to have shed light on the intricate ways in which scientific reputations are made.
The Making of a Scientific Reputation
The Discoverer of Vitamins
Ever since their inauguration in 1901, Nobel Prizes have been regarded by scientists and public alike as the pinnacle of scientific achievement. The prizes do not create scientific reputations; quite the converse, because a good reputation among one's peers is necessary if nominations are to be made and supported.2 But they can reinforce reputations by focusing attention on a particular portion of the scientific work done by the recipient. Such was the case with Frederick Gowland Hopkins who shared the 1929 Nobel Prize for Physiology and Medicine with the Dutch hygienist Christiaan Eijkman for their discovery of vitamins.3 Both Hopkins and Eijkman had been nominated for the Nobel Prize in Physiology and Medicine many times before:4 Eijkman was among the nominees for eight Prizes from 1914 onwards, and Hopkins for five, beginning with the 1923 award. In addition, Hopkins had been nominated for the 1927 Chemistry Prize, but the Nobel Committee of Chemistry declined to evaluate his research, judging that its significance "pertains to the science of physiology". Eijkman was consistently nominated for his investigations of beriberi, leading to its understanding as a vitamin deficiency disease. In letters nominating Hopkins, his work on accessory food factors invariably received mention, either alone or in conjunction with other contributions, such as his work on lactic acid production in muscle or on glutathione.
For the 1929 Prize, Hopkins was nominated by Edward Sharpey-Schafer and by George Barger. Schafer's nomination was for an undivided award to Hopkins for his investigations of glutathione, or tryptophan, or vitamins; Barger recommended that the Prize be awarded for contributions to the understanding of vitamins, either jointly to Eijkman and Hopkins, or jointly to Hopkins, Lafayette B Mendel and T B Osborne. In a long report on these nominees, written for the Nobel Committee by G Liljestrand in July 1929, special attention was paid to Eijkman's work relating to beriberi in the 1890s, and to Hopkins' work on accessory food factors between 1906 and 1912. Mendel and Osborne were considered to have used investigative approaches similar to those introduced earlier by Hopkins. In his justification for an award so long after these seminal studies, Liljestrand quoted from Barger's letter: "the far-reaching nature of [Hopkins'] results did not become clear until recent years". His report concluded that a joint award to Eijkman and Hopkins would be appropriate for 1929.
As discussed in our previous paper, Hopkins' vitamin research was for him a digression from his work on the chemistry of proteins. Hopkins found the concept of accessory food factors intriguing, but his failure to isolate them as chemical individuals frustrated him; writing to American colleagues in 1920, Hopkins suggested that if in 1911 he had not become concerned for his scientific credibility after becoming involved in a politically and financially motivated campaign promoting "standard bread" waged by the Daily Mail, he would not have published his first paper on the subject in the Journal ofPhysiology the following year.5 Once this paper had appeared, Hopkins published very little else on vitamins, except in defence of his original findings.6 Other British and American pioneers of research on micronutrients, many of whom had published their first findings before Hopkins' 1912 paper, pressed on with their work.7 How, then, did Hopkins come to be regarded as the discoverer of vitamins? 5 F G Hopkins to L B Mendel and T B Osborne, 2.ii. 1920, University of Cambridge Archives (UCA) Add MS 7620/A; F G Hopkins, ' Feeding experiments illustrating the importance of accessory factors in normal dietaries', J. Physiol., 1912, 44: 425-60 . For details about the "standard bread"
campaign, see M W Weatherall, 'Bread and newspapers: the making of a "revolution in the science of food"', in H Kamminga and A Cunningham (eds), The science and culture of nutrition, 1840 -1940 , Amsterdam, Rodopi, 1995 F G Hopkins and A Neville, 'A note concerning the influence of diets upon growth', Biochem. J., 1913, 7: 97-9 ; F G Hopkins, 'Note on the vitamine content of milk', Biochem. J., 1920, 14: 721-4 . 7 The leading micronutrient researchers at this time were Thomas Osborne and Lafayette Mendel at Yale, Elmer McCollum and Marguerite Davis at Wisconsin, and Casimir Funk at the Lister Institute in London. It was Funk who coined the term "vitamine", later shortened at the suggestion of Jack Drummond to "vitamin" when it became clear that the factors were not in fact amines. Neither Hopkins nor Walter Fletcher liked the term "vitamine"; in May 1918 Fletcher wrote to Hopkins to suggest that they might be retermed "ergotropic [i.e. growthpromoting] factors" or simply "ergotropes", concluding "The more you laugh at this, the more it behoves you to suggest something better": W M Fletcher to F G Hopkins, 8.v. 1918 10 It cannot be assumed that the introduction that appeared in the published Report exactly matches Hopkins' original text. The Report was edited by the biochemist Arthur Harden, and each of the chapters was discussed in detail by the whole committee before a final text was settled upon. Hopkins revised and updated the introduction for subsequent editions. " In his 1906 paper, Hopkins had noted that diets of pure protein, fat, and carbohydrate were insufficient to support life, and speculated that other dietary factors were required; he also linked this point to the possible etiology of scurvy and rickets. F G Hopkins, ' The analyst and the medical man', Analyst, 1906, 31: 385-97 . It is clear from the published discussion which followed the address that this point was lost on his audience, and the importance of this paper lies not so much in its immediate impact, as in its usefulness for Hopkins in his attempts to establish some sort of priority in vitamin research. He quoted at length from it in his 1912 paper in the Journal ofPhysiology (op. cit., note 5 above).
12 A similar challenge from Osborne and Mendel was countered by the exemplary work of Hopkins and Neville, who were stated to have used "very carefully purified ingredients" in their experiments. This paper was a direct reply to the inability of Osborne and Mendel to replicate Hopkins' findings: Hopkins and Neville, op. cit., note 6 above. graphs from his 1912 paper. The rhetorical impact of the description was backed up by the aesthetic qualities of the graphical presentation of the work. Indeed, in the long run, Hopkins' graphs may have been the single most important constituent of his claim to priority in vitamin research; they were the simplest, the most direct expressions of the doctrines outlined in the text. In 1933, W R Aykroyd wrote of them:
The growth curves of the famous Hopkins' rats are familiar to anyone who has ever opened a textbook of physiology. One recalls the proud ascendant curve of the milk-fed group which suddenly turns downwards as the milk supplement is removed, and the waning curve of the other group taking its sudden milk-assisted upward spring, until it passes its fellow now abruptly on the decline. It was the prettiest experiment imaginable. "Feeding experiments illustrating the importance of accessory factors in normal dietaries, Journal of Physiology, 1912, xliv, 425," ranks Though Hopkins was the pioneer, he has now so many outside jobs that he has little free energy to push this business on, and Cambridge is letting the work slip away to other places. It is one of the biggest new things in biology, and may turn out to be more fundamental than we guess, even now.
As for medicine, it is out and away the biggest thing. We have hardly touched yet the effects of deficiency in lowering resistance to disease. Mellanby Fletcher's frustration that Hopkins would not promote work, such as vitamin research, which promised in the foreseeable future to lead to medical applications indicates that he had not fully appreciated the direction in which Hopkins' vision of dynamic biochemistry was taking his research. As Fletcher told the physiologist A V Hill in 1927, he was frustrated with Hopkins' "frightfully learned" colleagues who knew all about "protein molecules and o-r potential and all that", but who all seemed "to run away from biology".25 If the scientists in Hopkins' Institute were running away from biology, then they certainly could not be running towards medicine.
Hopkins' association with vitamins also gained him a reputation among the interested lay community such as those civil servants and government ministers in whose hands lay many of the final decisions about the funding of research. Hopkins came to be seen as a public authority on the subject of nutrition, and for the rest of his career he used the dietary requirements for vitamins as a major rhetorical resource, drawing attention to the skills and approaches of the biochemist. He Board, 5.iii. 1924 Board, 5.iii. , 16.vii. 1924 Board, 5.iii. , 3.xii.1924 Board, 5.iii. , 4.iii.1925 Board, 5.iii. , 6.v. 1925 Board, 5.iii. , 13.v. 1925 Board, 5.iii. , 20.v. 1925 control, but they could equally well be regarded as evidence of precisely the opposite point of view: that -is, that it was Hopkins' skill as an administrator that allowed his researchers the maximum amount of intellectual freedom without allowing them to stray too far from the basic tenets of dynamic biochemistry. Hopkins' "young friends", to whom he stood in loco parentis, or as a revered elder, embodied their feelings for Hopkins within their own version of the tradition, one which we term the "Hoppy tradition" to distinguish it from the restricted scientific tradition outlined above.
The "Hoppy tradition" consistently stressed the breadth of Hopkins' scientific interests, and the sheer number and fertility of the areas of research which he opened up, only to allow others to exploit them; it also emphasized that he did not impose his ideas on his staff, but instead let talented researchers follow their intuition and eke out their own areas for investigation. But those who constructed the "Hoppy tradition" were not just interested in the content of Hopkins' science; they were also concerned to show the value of the style of Hopkins' scientific leadership. The "Hoppy tradition" stressed the warmth and generosity of Hopkins' personality, and noted that his "courage and tenacity of purpose"
was "somewhat at variance with his gentle, slightly hesitating manner".53 The The way in which the process of Hopkins' "thought and teaching" was assembled and presented provides a rather different view of the Dunn Institute from that presented by Chibnall and Todd. Interwoven with the presentations of the scientific tradition of dynamic biochemistry were accounts of the personal tradition of Hopkins' leadership and influence. There was no mention of any administrative problems. The volume contained an autobiographical piece written by Hopkins in 1937, reminiscences of Hopkins written by Stephenson (who herself died shortly before the book's publication) and by the Needhams, excerpts from Hopkins' scientific papers with a commentary by Leslie Harris, selections from the humorous in-house annual Brighter Biochemistry, a roster of those who had worked with Hopkins, several photographs of Hopkins, and fifteen of his public addresses, some previously unpublished, in some of which the editors italicized the passages they considered most important. Hopkins and biochemistry constantly harked back to a golden age in the 1920s and 1930s; the flavour of the period was clearly conveyed by the quotations from Brighter Biochemistry, "precious copies" of which, as it was stated in the introduction to the selections:
... still bear witness to the spirit of the Institute during the years which were perhaps the zenith of Sir F. G. Hopkins' life, when he was at the head of a large Institute which he had himself created, and which was full of brightness, not only of intellect and experiment, but of comradeship, alive awareness of the world outside biochemistry, and warm inspiration owed and universally acknowledged to the leader and founder.67
With Hopkins and biochemistry given to the 1,700 biochemists from 42 different countries who attended the 1949 International Congress, the global community of biochemists from then on could not fail to acknowledge the breadth of Hopkins' interests and the successes of his style of scientific leadership. But if those who constructed and disseminated the "Hoppy tradition" hoped thereby to influence future elections to the Cambridge chair, perhaps even to install one of their own, they were to be disappointed. Even before Hopkins and biochemistry was published, Chibnall had been succeeded by 65 Hopkins and biochemistry was prepared by an of the Cambridge University Press to produce a texteditorial committee comprising Joseph and Dorothy book of biochemistry in the early 1920s, but he never Needham, Vernon Booth, Malcolm Dixon, Leslie even began to write it: F G Hopkins to S C Roberts, Harris, and Marjory Stephenson. I1.xi.1924 , 28.x.1930 Stephenson, op. cit., note 59 above, p. 37. Frank Young, whose biochemical interests in metabolism and its hormonal control were consistent with the narrow interpretation of the scientific "Hopkins tradition", not with the broad view of dynamic biochemistry. Nor did he prove to be an administrator in the "Hoppy tradition". As Philip Randle recalled in his biographical memoir of Young:
There was a strong sense of tradition that some sought to sustain. Matters came to a head with the revival of the Dunn dinner. The reaction of younger members was expressed in some ribald lines in the annual Christmas pantomime. That 70 above, pp. 113, 119-20, 432; 129, 146; 340-41, 364-65; 329-30. Holmes' books about Krebs largely concern the latter's elucidation of the metabolic cycle that bears his name, and so it is unsurprising that Hopkins' work with Fletcher is emphasized both in these volumes and in his work on the formation of intermediary metabolism, a book which Holmes notes grew out of his investigations into the scientific background to Krebs' researches: Holmes, Between biology and medicine, op. cit., note 70 above, pp. 8-9. students, and to historians-to set that meeting-place apart and call it a "separate discipline".83
Conclusions
In these two papers we have shown how it is possible to reach novel, nuanced views of the life and work of scientists by considering not only how they viewed their own enterprise, but also how others viewed it. To understand the making of Frederick Gowland Hopkins, for example, it is necessary not only to follow him at work in and out of his laboratory, but also to watch those around him, to see where they were going and what they were doing, and to understand why they were interested in him, and why they attempted to influence him. It is only then that one can begin to understand why the process of the construction of dynamic biochemistry, and Hopkins' persistence in promoting it, do not appear in existing accounts.
There Kohler. We have shown in this paper that these tensions may in part be explained by the sources used by different authors, and the purposes for which they wrote their accounts. In their place we present a novel interpretation of Hopkins, which teases out his own intentions from those of his colleagues and pupils. If there is a paradox within our own work, it derives from the fact that in order to understand the "making of a biochemist", we have had to separate strands of thought and action that were, historically, inextricably intertwined. We hope that, when both papers are read together as one account, these separate strands are brought back together to give the reader a new perspective on Hopkins and, more generally, on the making of scientific reputations. 86 This received view can be found in our previous publication dealing with Hopkins: M W Weatherall and H Kamminga, Dynamic science: biochemistry in Cambridge, 1898 -1949 , Cambridge, Wellcome Unit Publications, 1992 . This booklet was prepared to accompany an exhibition on Cambridge biochemistry; although it contains some original work on the period up to 1924, it is otherwise largely derived from accounts by Hopkins' colleagues and by historians.
